Anomalous pigmentations have been recorded in many cetacean species. However, typically only one variation is reported from a population at a time (e.g., an albino). Here we record a spectrum of pigmentation from common dolphins (Delphinus sp.) off northern New Zealand. Allblack, dark-morph, pale-morph, and all-white individuals, as well as variations between these have been recorded. Pale-coloured pectoral flippers are prevalent, and a number of individuals with white "helmets" have been observed.
Introduction
To date, two species of common dolphin are recognised worldwide: (1) the short-beaked (Delphinus delphis) and (2) the long-beaked (D. capensis) common dolphins, with a subspecies of the longbeaked (D. capensis tropicalis) acknowledged (Jefferson & Van Waerebeek, 2002) . Given the relatively recent recognition of the latter two, it comes as no surprise that cetacean field guides specific to New Zealand (e.g., Baker, 1983; Dawson, 1985) list only the short-beaked common dolphin as present in those waters. Heyning & Perrin (1994) did not include New Zealand or Australia in the known range of the long-beaked common dolphin; they found no information nor morphological data that would indicate the species was present. Amaha (1994) , Jefferson & Van Waerebeek (2002) , and Bell et al. (2002) suggested that all Australian specimens were D. delphis based on morphometric analyses. Rice's (1998) statement that specimen(s) of long-beaked common dolphin have been identified from New Zealand was apparently based on an inaccurate citation of Heyning & Perrin (1994) (D. W. Rice, pers. comm., and W. F. Perrin, pers. comm.) . Some putative evidence of D. capensis in New Zealand waters is provided by Bernal et al. (2003) who suggested that common dolphins exhibiting long rostra, as photographed in New Zealand by Doak (1989; Plates 34A, 34B) , are long-beaked common dolphins. However, as Amaha (1994) and Jefferson & Van Waerebeek (2002) highlighted, neither New Zealand nor Australian common dolphins neatly fit the morphological description of either D. delphis or D. capensis. In the past, New Zealand common dolphins have been identified from pigmentation patterns in the field and classified as short-beaked common dolphins (Bräger & Schneider, 1998; Gaskin, 1968; Neumann, 2001; Webb, 1973) , although pigmentation alone may not be sufficient to positively identity these dolphins to species.
While cetaceans are not a colourful taxonomic group of animals, Perrin (2002) suggested colouration patterns observed in whales, dolphins, and porpoises are still important, presumably having both function and adaptive value. Although some species of cetacean show limited variation within their typical pigmentation patterns-for example, false killer whale (Pseudorca crassidens) (Stacey et al., 1994) -others are known to differ widely within and between populations-for example, humpback whales (Megaptera novaeangliae) (Kaufman et al., 1987) and Indo-Pacific humpback dolphins (Sousa chinensis) (Jefferson & Karczmarski, 2001) .
Colouration is known to change between birth and adulthood in some odontocetes-for example, beluga whales (Delphinapterus leucas) (Brodie, 1989) , Indo-Pacific humpback dolphins (Jefferson & Karczmarski, 2001) , and Atlantic spotted dolphins (Stenella frontalis) . Changes in pigmentation may also occur rapidly post mortem (P. Duignan, pers. comm.). Deviations from the typical pigmentation pattern found on any species of cetacean occur along a continuum, which may range from hyperpigmentation (i.e., darker colours being prevalent)-melanistic/all-black individuals-to hypopigmentation (i.e., paler colours being prevalent or normal pigmentations reduced/absent)-albino/all-white animals. Additionally, extremes may mask other pigmentation patterns.
Typically, common dolphins have a distinctive hourglass colour pattern (Heyning & Perrin, 1994; Mitchell, 1970) , which makes them readily identifiable in the field. Heyning & Perrin (1994) noted that this pigmentation varies considerably between the two recognised species, with identified differences being the angle of the flipper stripe in relation to the gape and the point of its interception with the lip patch, the level of contrast exhibited between the thoracic patch and black/dark spinal field, and the extent to which the abdominal field extends forward of the pectoral flippers. Common dolphins found off northern New Zealand exhibit a wide range of pigmentation forms, including anomalous examples from the recognised patterns.
Materials and Methods
During non-systematic, small boat surveys for cetaceans between 1993 and 2004, we irregularly searched the area between the Cavalli Islands (34° 58' S, 173° 57' E), Northland, and Auckland (36° 45' S, 174° 50' S), Hauraki Gulf (Figure 1 ). In 2002-2004, as part of an ongoing study of New Zealand common dolphins, a concentrated search effort was made in the Hauraki Gulf, a semienclosed body of water with a maximum depth of 53 m. Observations were made at Beaufort 0-3.
Photo-identification methods (Hammond et al., 1990) were used. Animals were catalogued using only the left side of the dorsal fin due to asymmetrical pigmentation. If anomalously pigmented dolphins were observed, a concerted effort was made to photograph the pigmentation and photoidentify each anomalous individual. Data, including location, group size and composition, and number of anomalous pigmented animals, was recorded during each observation. Additionally, photographs were collected opportunistically from other researchers and the public.
Although water conditions may affect how colour is perceived on marine mammals (Mitchell, 1970) , we observed and photographed the dolphins as they surfaced and, therefore, there was no mistaking the anomalous pigmentations. To ensure that records involved different individual dolphins, we used additional pigmentation features as well as congenital and acquired marks on the dorsal fin to crossmatch and avoid false positive records (e.g., compare Figure 2a to Figure 2b ).
Results
We collected 63 records of anomalously pigmented common dolphins in northern New Zealand waters. We have photographic evidence for 44 of these records (Table 1) , including melanistic and all-white individuals (Figure 3 ). The eyes of the all-white animal (record # 44, Table 1 ) were not observed (N. Croft, pers. comm.); therefore, it could not be determined whether this animal was a true albino (with pigmentless pink eyes) or simply leucistic (with pigmented dark eyes). Records lacking photographic evidence were separated to maintain data accuracy (Table 2) . On eight occasions we observed multiple anomalously pigmented individuals, with two to eight individuals in the same group (Tables 1 & 2) .
We broadly divided the photographed animals into dark-or pale-morph categories; however, in some instances, features of both dark and pale pigmentation were evident on the same animal (e.g., records #19-#30, Table 1 ). The dark-morph dolphins were typically darker in the thoracic patch, which would normally be ochre-coloured (e.g., compare Figure 4a to 4b). The pale-morph dolphins displayed the ochre thoracic patch, with one exception (record #30, Table 1 ), which exhibited a patchy combination of grey-and ochre-colour. Additionally, the pale-morphs had pale pigmented areas on a range of body parts (e.g., the melon, beak, and/or pectoral flippers). In the Hauraki Gulf, a photo-identification catalogue of 358 individuals was established (Stockin, unpublished data). Within this, 23 anomalously pigmented common dolphins were catalogued (Table 1) , and of these, 14 also were photographed showing the pectoral flippers. One had dark, six had patchy-combination, and seven had lightly pigmented pectoral flippers (Table 1) . This variation in pectoral flipper pigmentation is also apparent in conjunction with other variations in pigmentation such as grey-sides (e.g., see records #17-#29, Table 1 ) and white "helmets" (e.g., see records #33-#43, Table 1 and Figure 4b ). Animals exhibiting white "helmets" were observed in both Northland and Hauraki Gulf waters (e.g., records #19-#20 and #30-#43, Table  1 ). These individuals (n = 14, collectively) exhibited a varying extent of white pigmentation across the melon and beak, which visually resembled a "helmet." All but one of the helmeted animals retained other pigmentation features typical of common dolphins (e.g., Figure 5 ), with the exception (see record #19) lacking the ochre-coloured thoracic patch.
Collectively, anomalously pigmented common dolphins in the Hauraki Gulf represent 6.4% of the current catalogue. This does not include a further seven encounters with anomalously pigmented animals whose dorsal fins were photographed but deemed insufficiently marked for inclusion in the catalogue, nor those animals recorded in Table 2 , which were not photographed.
In the Hauraki Gulf, common dolphins exhibiting apparently "typical" pigmentation displayed a wide degree of variation. For example, colouration of the pectoral flipper and the pectoral flipper stripe varied from all-black to pale cream, with pale pectoral flippers being prevalent. Of 100 catalogued animals from the Hauraki Gulf for which the pectoral flippers were also photographed, 68 exhibited pale pectoral flippers (Stockin, unpublished data) (e.g., see Figure 4a ). On one other photographed animal, the pectoral flipper stripe was masked by the pale pigmentation of the abdominal field, to the extent that it appeared almost absent (record #43, Table 1 ). Variation was also observed in eye-patch colouration, with one photographed animal exhibiting white pigmentation around the eye as opposed to the dark grey or black usually observed in this species. We did not include this example in the present analysis, however, since the observation was made on a dead stranded animal. Additionally, in a number of observed animals, the hourglass pattern characteristic of common dolphins appeared far from sharp or contrasting and was more inconspicuous than that described for D. delphis from California (Heyning & Perrin, 1994) .
Discussion
There is clearly a wide range of variation in pigmentation on common dolphins of both species within schools and between geographic locations worldwide (Evans, 1994) . Reports of outliers from this normal variation have included melanistic (Visser et al. (Visser et al. (Visser , 2004) , partially dark (Perrin et al., 1995) , partially white (Leatherwood et al., 1988) , Fertl et al. (1999) record three all-white common dolphin sp. from New Zealand. The N. Croft and W. Doak (1981) records are the same animal (N. Croft & W. Doak, pers. comm.) . and all-white individuals (Fertl et al., 1999) . Our records from northern New Zealand are interesting in that within this restricted geographic area, the complete continuum of pigmentation has been observed. A wide degree of variability was also found within an even smaller area-the Hauraki Gulf. We would not expect geographic variation alone to explain such variability given the small area within which the present data were collected. The diagnostic field characteristics for shortbeaked common dolphins include either darkly pigmented or patchy pectoral flippers with diffuse edges (e.g., Evans, 1994; Mitchell, 1970; Perrin, 1972) . Cetacean field guides specific to New Zealand waters (e.g., Baker, 1983; Dawson, 1985) illustrate short-beaked common dolphins with dark flippers. However, common dolphins from the Hauraki Gulf predominantly exhibit lightcoloured flippers (e.g., Figure 4a ). Similar variations have also been observed and photographed off the southeast coast of Australia (E. Burgess, pers. comm.). The significance of this remains unclear, although we acknowledge that flipper pigmentation can vary considerably between populations. Pale-coloured pectoral flippers have been observed on various age classes within the Hauraki Gulf (Stockin, unpublished data) and, therefore, are not age-specific, contrary to Heyning & Perrin (1994) , who suggested that patchy and pale-coloured pectoral flippers develop with age.
Only two previously published accounts detail anomalous pigmentation in common dolphins (Neumann et al., 2002; Perrin et al., 1995) . Neither discussed the presence of pale-coloured pectoral flippers in either "typical" or anomalously pigmented individuals, although both illustrated anomalous grey-sided common dolphins from New Zealand waters that exhibit dark pectoral flippers (see our records #4 and #19, Table 1 ). Additionally, although not originally mentioned in Perrin et al. (1995) , their Figure 1 of an anomalously pigmented common dolphin off northern New Zealand also shows a white "helmet," similar to those described here. This suggests that whitehelmeted dolphins are not a new phenomenon in this population since known observations of these animals have occurred between 1979 (Perrin et al., 1995) (record #19, Table 1 ) and 2004 (records #30-#43, Table 1 ).
Little is known about the genetic basis of colouration in cetaceans, although Perrin (1972) proposed that the colour patterns observed in common dolphins result from the interaction of two independent genetic components. Perrin et al. (1995) observed what we would classify as dark-morph common dolphins, and supported the Perrin (1972) hypothesis of independent cape and overlay pigments.
Hyperpigmentation may result from hybridisation (e.g., Willis et al., 2004; Zornetzer & Duffield, 2003) . Perrin et al. (1995) observed striped dolphins (Stenella coeruleoalba) in association with typical and anomalously pigmented short-beaked common dolphins off California. This has also been observed on two occasions in both Auckland and Northland waters (Stockin and Visser, unpublished data). Additionally, common dolphins have, on two separate occasions, been observed in association with bottlenose dolphins (Tursiops truncatus) in the Hauraki Gulf (Stockin, unpublished data). During one of these sightings, a dark-morph common dolphin was observed (record #27, Table 1 ). Regardless of the causation of anomalous pigmentation, the ecological context of pigmentation patterns of cetaceans, both on the individual and species level, is poorly understood. Hain & Leatherwood (1982) , Fertl et al. (1999), and Forestell et al. (2001) discussed the possible costs for anomalously white individuals. Visser et al. (2004) addressed the costs of anomalous pigmentation in melanistic cetaceans.
While photo-identification remains in its infancy for this region, the wide range of pigmentation patterns observed within this population and the proportion of animals exhibiting anomalous colouration (i.e., 6.4%) are much greater than previously reported (e.g., Neumann et al., 2002, 1%; Perrin et al., 1995, < 1%) . One possible explanation for this relates to differences in field effort between sites. An alternative hypothesis for the high proportion of anomalous colouration reported here is perhaps that this population exhibits signs of reduced gene-flow between it and other populations (D. Lambert, pers. comm.). Neumann et al. (2002) recorded photo-identification matches between the Coromandel Peninsula (36° 50' S, 175° 42' E) and the Hauraki Gulf (100 km distance), which suggests these populations may be linked genetically. No detailed genetic or morphometric studies have been undertaken on New Zealand common dolphins. Amaha (1994) included only 15 skulls of New Zealand common dolphin sp. in her morphological analysis. When they were pooled with a further nine from Australia, she found all to be intermediate between short-and long-beaked types. Although the presence of D. delphis is almost certain in New Zealand waters, it would appear that the possible occurrence of D. capensis or an intermediate form should not be dismissed without further investigation. By reporting anomalies seen in the field, such as those recorded here, we hope to provide a framework for future investigations.
